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NIERRILL OI‘ PLAINI‘IELD NEWr JFRSEY

DISPLACEM ENT PUMP

SPECIFICATION formmg p&rt of Letters Patent No 609 943 dated August 30 1898

Apphca,tmu ﬁled Aprll 23 1897. Serml No. 633 4.88

(NU model )

To (LZZ whom Lt may concern: . |
Be it known that I, FRANK: H MERRILL a

of New 'Jersey, have invented .certain .new
and useful Improvements in- Dlsplacement-"

Pumps, of thh the followmﬂ' 18 a speelﬁea-
131011 3

by alternating abruptly-applied. pneumatic

pressure and exhaust controlled ‘by a pneu-
matically-operated. supplemental valve, the

motion of which is timed by a retarder.
Inthe accompanying drawmw I haveshown

tion may be embodled without - 1ntend1nw-
thereby to limit myself to said form or to. the.-

arrangement,construction,or number of parts

therem oontamed exceptmﬁ' as the same. are{
-essential to the prmelple of my invention.

Figure 1 is a side viéw of .the: apparatus

with 1 the water- compartmeuts in section.: Fig.:
2 is a vertical section of the alr-valve mech-'

Fig. 318 a ver-
tical section of the same on a plane at rlﬂ*ht |

anism on the plane z, Fig. 1.

angles with the plane z.-

9y represent the level of the water i in whlch:

the water-compartments are submerged.

The - water-compartments and thelr mlet:-

~and outlet passages are as follows:

- 35

'-49

1 and 2 are water-compartments,’ Whléh %ref
‘respectively pr ovided with the bottom water-

inlet openings 3 and 4, 1espeetwely elosed hyf
the lift-valves 5 and 6.

7 is the water- dehvery plpe, thh is pro-—-

vided with an intake located near the bottom
of each w a,ter-eompmtmenb The intake for
compartment 1 is at the bottom of pipe 8 and

“the intake for compartment 2 is at the bot-

- tom of pipe 9.

Lift-valve 10 controls the
opening into pipe 8 and a similar. lift-valve

- controls the opening into pipe 9.

45

The air-valve compartment 11 is conneeted
on one side with the top of water-compart-

- ment 2 by pipe 12 and on the other side with
- the top of water-compartment 1 by pipe 13.

~ The shell ¢f the air-valve compartment 11
may be constructed of two castings 15 and

- 16. (Shown in Figs. 2and 3, in which the parts

are represented 1o a scale, ) The casting 15

g jusupply and ‘exhaust ‘ports are as follows:
‘The valve-heads or plungers 43,44, and 45

—

|

di:
143 and 44 and the Smaller head 45.
di
‘stroke in Fw 2 and at the bottom of its stroke .
“The arrangement.of the ports is

| such that at ‘the top of the valve stroke the
‘ports 24 25 are below the valve-head 45, the

i’ Fln' 3.0

o1 'eonta,ms the d1fferent1a1 G'yhr;lddelé*ﬂ and 18,
; The céasting 16 contains the differential cyl—
| _eltmen of the United btates and a resident of |

' IPlamﬁeld in the county of Union and State |

inders 19 and 20. - The compressed alr or gas

55

supply opening 21 connects with'ithe top of

~eylinder 17 and the bottom- of cylmder 18

throtugh- the passage 22. . It "also connects

with the ‘bottom of cylmder 20-through .the
-~ U passage 23,
The rempwcatmns of the main. valve me;-
pneumatically - controlled . independently of
‘theliquid pumped. Itis pneumaticallyshifted:

The cylinder.17 eonnects with

gllthe pipe 12 through the double series of per-
forations 24 and 25 and the annular passage
26,
13 thloun*h the dounble series of perforations
27 28 and the annular passage 29. Thelower
~end of the cylinder 17 connects with the main

-The ceylinder 18 connects with the pipe

exhaust-opening 30 through the passage 31.

6o

The cylinder 18 connects with the main ex-

haust-opening 50 through the series of per-

forations 32 and the- annula,r passage 33.
The cylinder 20 connects with the top of ¢yl-

inder.18 through the passages 33° and 34.

The passage 23 18

49 is’an exhaust-passawe

19

"The top, of cyhndel 19 is.connected with the
| pipe 12 through the annular passages 35 36
“and the passages 38 39..
_throttled by.the valve 40 whmh 18" carried-

5

. The valves and their I'Bl&thIlShlp w1th the

are bolted together by the bolt 46 makmg a,
Terental Valve congisting of the equa,lheads

ferential valve is shown at the top of its

ports 27 28 are between the valve—heads 44

This

80

90

and 45, and the exhaust-ports 32 are between

the valve-heads 43 and 44. When thevalveis
at the bottom of its stroke, the pressure-ports

24 25 are between the valve-heads 44 and 45,
the pressure-ports 27 28 are between the

95

valve-heads 43 and 44 and the exhaust-ports

32 are between the valve-heads 43 and 44.

The valve-heads 47 and - 48-are. connected
together by the bolt 49, so as to make a differ-
ential valve conﬂlsmm’ of -the larger ‘head 47
and the smaller head 48 | |

. The dimensions employed :may be a8 :Eoln
OWS !

four and one - me. th. mches, dlmmeter of

Diameter of valve-heads 43 and 44,

100
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valve-head 45, three inches ; diameter of | cylinder 18 is exhausted through passages 34

valve -head 47, three inches; diameter of

valve-head 43, two and one-eighth inches;
diameter of passage 38, .125 of an inch; di-
ameter of throttle-valve 40, .120 of an inch;

length of stroke of differential valve 47 48,
~ thirteen - sixteenths of an inch; length of

stroke of differential valves 43 44 45, one and
one-fourth inches.

of the valves and the walls of passage 38 and

the throttle-valve 40 are made of non-corro-

sive metal. The outer casings 15 and 16 are
of cast-iron. At 38* the bottom of the pas-
sage 33 18 covered by a wire screen of fine
mesh to prevent any sediment from getting
into the passage around the throttle-valve.

Operation when valves are positioned as
Suppose compartment 2 to
be full -of water and compartment 1 to be-
empty and the valves to be in the position

shown in Fig. 3:

shown in Fig. 3. Compressed air entering

at 21 passes through the passage 22 and the
cylinder 17 and the ports 24 25 and the pipe

12 into compartment 2, whence it forces the

water through the pipe 9 into the discharge-
pipe 7. At the same time the head of water
around the water-compartment raises valve |
5, fills water-compartment 1,.and drives the

alr out of water-compartment 1, through pipe

13, passage 29, ports 27 28, cylinder 18, ports
32 and passage 33, to the main exhaust 30. :
At the same time the pressure from 21 is com- |
- municated, through the passage 23, to the
cylinder 20 on the under side of the valve-
head 43, and thence, through the passages
1 33* and 34, so as to force the valve 43 44 45

33" and 34, to thecylinder 18 above the valve-

head 43. At the same time the compressed
alr entering at 21 passes through passages
39, 38, 36, and 35 into cylinder 19 above the
The passage 36 is enlarged |
| The |
throttle-valve 40 delays the raising of the:
pressure in the chamber 86 by the entrance -
of compressed air to allow sufficient time
for the water-compartment 2 to be emptied -
and the water-compartment 1 to be filled.

valve-head 47.
sufficiently to form an air-chamber.

The proper -extent of this delay is secured by

adjusting the set-screw 41, and thereby the
extent to which the valve 40 projects into the
When the pressure above the
valve-head 47 has increased to the necessary
degree, the differential form of the valve will

cause 1t t0 move downward, the air between
the valve-heads escaping through the passage

42. The mouth of passage 33* is located just |
below the piston-head 48 when at the top of -
its stroke, so that as soon as said piston-head
commences to descend it traps the air con-
tained within the cylinder 18 above the pis--
pped until it
has reached substantially the bottom of its
; stroke, when the mouth of passage 33* is just
above the top of cylinder-head 48, and the

ton-head 43 and holds it entrs

compressed air above the piston-head 43 in | start of valve 45 on each stroke. When once

The ports 42* and 33* .
are each about three thirty-seconds of an

inch in diameter. The differential eylinders -
17, 18, 19, and 20 and the metallic portions

to fill with water.

33%, cylinder 20, and passage 42. As soon as
this occurs the air-pressure between valve-
heads 44 and 45, acting differentially upon
them, will force the differential valve 43, 44,
and 45 quickly to the top of its stroke, as
shown 1n Fig. 2. |

Operation when valves are positioned as
shown 1n Fig. 2: Water-compartment 2 is
now empty and water-compartment 1 is full.
Compressed air entering at 21 proceeds

through passage 22, cylinder 18, ports 27 28,

passage 29, and pipe 13 into compartment 1,
whence 1t forces the water, through pipe 8,
into delivery-pipe 7. At the same time the
head of water outside of compartment 2 raises
valve 6 and fills compartment 2, foreing the
alr therefrom, through pipe 12, passage 26,
ports 24 25, eylinder 17 and passage 31 to the
main exhaust 30. At the same time the.com-
pressed air contained above the valve-head
47 and in the air-chamber 36 is gradually ex-
hausted past the throttle-valve 40 and pas-
sages 38 and 39. This exhaust is delayed by
the adjustment of the throttle-valve 40, so as
to keepthe pressure above the valve-head 47
long enough to permit compartment 2 to be
filled; but when said pressure has been ex-
hausted to the requisite degree the pressure
supplied through passage 23 to cylinder 20
below valve-head 48 will force the differential
valve 47 48 to the top of its stroke. The dif-
ferential valve 43 44 45 will remain at the top
of its stroke until the valve-head 48 has just
at the top of its stroke passed the mouth of
passage 33, whereupon the pressure in ¢ylin-
der 20 will be communicated to cylinder 18
above the valve-head 43 through the passages

to the bottom of its stroke. After this the
operation first described will be repeated.
The structure described may be utilized as
a single-acting pump by eliminating the op-
eration of water-compartment 1 and plugging
the ports 27 28, in which case the valve-heads
43 44 act substantially as a single head. The
shell 16 forms a cover forthe shell 15, by the
removal of which cover the differential valve
43, 44, and 45 may be removed. The top of
the shell 16 is closed by the head 16*, upon
the removal of which the dif
47 48 may be removed. An opening 50 may

be plugged or utilized as the exhaust from

the passage 31.

The function of the throttle-valve 40is not
essential to causing the automatic action of
the valve 45 and supplemental valve48. This
would take place if the passage 39 were not
throttled; butin that case the valve 45 would
not pause between strokes and there would
be no time for the displacement-compartment
The function of the throt-
tle-valve, therefore, is as a retarder, acting
Independently of the water pumped. It re-

tards the movements of valve 48 throughont

the stroke; but it only retards or delays the

‘erential valve
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started_Qn.__ahy.stroke,, valve 4'5_--11:1 oves throu gh | iv‘&lvé chamber tosaid displacement-c'o mpart--
- 1ts stroke with a quickness regulated by the | ment, a branch compressed-gas passage lead-
~ size of the opening 33* adequate for the

proper operation of the pump without such

shocks as would injure the valve. Viewing,

therefore, the throttle-valve 40 as one form

of retarder acting independently of the water

~ pumped, I do not wish to be limited to the

| __'10

..15

20

use of a throttle-valve as a retarder or to the
compressed air as a retarding fluid, having
already conceived other contrivances which
would retard the valve 48, and thus indirectly

‘retard the starts of valve4b independently of
the water pumped. Ihave shown the throttle-
valve 40 acting upon the compressed -air
merely as the form of retarder that I prefer

at the present time.
I claim—

‘1. In a displacement - pump, in eombina-
tlon, a displacement-compartment contain--
ing liguid ingress and egress openings, a main
valve,amain-valve chamber,an exhaust there-

- from, a supplemental valve, a supplemental-

30

35

40

valve chamber, an exhaust therefrom, a main-
ingress compressed - gas passage leading to
sald main-valve chamber,a main egress com-
pressed-gas passage leading from said main-

valve chamber to said displacement-compart-

ment, a branch compressed-gas passage lead-

ing through said supplemental-valve cham-

ber and against a surface connected with said
main valve and another branch compressed-
gas passage leading against a surface con-
nected with said supplemental valve, substan-.

tially as described, whereby said main valve

the liquid pumped. = |

is pneumatically actuated independently of.

2. In a displacement-pump, in combina-

tion, a displacement-compartment contain-
ing liquid ingress and egress openings, a main,
valve,amain-valve chamber,an exhaustthere-

from, a supplemental valve, a supplemental-

‘valve chamber, an exhaust therefrom, a main

ingress compressed-gas passage leading to

45

50

" plemental valve, substantially as described,

55

60

said main-valve chamber, an exhaust there-
from, a main egress . compressed-gas passage
leading from said main-valve chamber to said

‘displacement -compartment, a branch com-

pressed-gas passage leading through said sup-

plemental-valve chamber and against a sur--

face connected with said main valve and an-
other branch compressed-gas passage leading
against a surface connected with said sup-

whereby said main valve is pneumatically ac-

tuated independently of the liquid pumped;|
said supplemental valve being located outside .

the displacement-compartment. _
- 3. In a displacement-pump, in combina-

tion, a displacement-compartment contain-

ing liquid ingress and egress openings, amain
valve,amain-valve chamber,an exhaustthere-

from, asupplemental valve, asupplemental-

valve chamber, an exhaust therefrom, a main

ingress compressed-gas passage leading to
sald main-valve chamber, a main egress com-

ing through said supplemental-valve cham--

. . 70
ber and against a surface connected with said
main valve and another branch compressed- -

gas passage leading against a surface con-
nected with said supplemental valve, sub-

stantially as described, whereby said main-
valve 1s pneumatically actuated independ-
ently of the liguid pumped; said supplemen-
tal valve being located above the water-level. -

-4. In a displacement-pump, in combina-
tion, a duplex displacement - compartment
each part of which contains liquid ingress and

75 _'

30

egress openings, a main valve, a main-valve

chamber, an exhaust therefrom, a supple-.
mental valve, a supplemental-valve chamber, -
an exhaust therefrom, a main ingress com-:
pressed -gas passage leading to. said main-.
valve chamber, main egress compressed-gas
passages leading from said main-valve cham--
ber, respectively -to .the parts of said dis-
placement - compartment, . a branch com--
pressed - gas passage. leading through said -

90"

supplemental-valve chamber and against a-

surface connected with said main wvalve,
another branch compressed-gas passage lead--
ing againsta surface connected with said sup- o5

plemental-valve chamber, substantially as.

described, whereby said -main valve is pneu-.
matically actuated independently of the lig-
uid pumped and controls the pressure in both :
parts-of said duplex displacement-compart- 1oo
9. In a displacement-pump, in combina-.
tion, a displacement-compartment contain- -
ing liquid ingress and egress openings, & main -
valve;amain-valve chamber,an exhaust there- 103
from, a supplemental valve, a supplemental- .
valve chamber, an exhaust therefrom, a main
Ingress compressed - gas: passage leading to-
sald main-valve chamber, a main egress com- -

‘pressed-gas passageleading from said main- 110

valve chamber tosaid displacement-compart- -
ment, a branch compressed-gas passage lead-
ing through said supplemental-valve cham-

ber and against a surface connected with said -
main valve and another branch compressed- 115
gas passage leading against a surface con- :
nected -with said. supplemental valve; sub--
stantially as described, whereby said main:

valve is pneumatically. actuated independ-

ently of the liquid pumped; said first-named ‘120

branch passage branching from said main-
Ingress-passage. e o

6. In a displacement-pump, in. combina--
tion, a displacement-compartment contain-

| Ing liquid ingress and egress openings, amain 125

valve; a main-valve chamber, an exhaust:
therefrom, a- supplemental . valve, a supple--

mental-valve chamber, a main ingress - com- -
pressed -gas passage leading to said main--
valve chamber, a main egress compressed- 130

gas passage leading from said main-valve
chamber to said displacement-compartment, -

a branch compressed -gas passage leading

pressed-gas passage leading from said main- | through said ‘supplemental-valve chamber -
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ently of the liquid pumped;

and ag &mst a surface eonnected with said
main Va,lve and another branch compressed-
gas passage leading against a surface con-
nected. with said supplemental valve, sub-
stantially as described, whereby said main
valve is pneumatically actuated independ-
sald second-
named branch passage branching from said
main egress-passage.

- 7. In a displacement-pump, in combina-
tion, a displacement-compartment contain-
1ng liguid ingress and egress openings, amain
valve, & main-valve chamber, an exhaust
therefrom a supplemental Valve a supple-
mental—valve chamber, a main ingress com-
pressed -gas passage leadlnw to smd main-

valve ehamber & main egress compressed-

gas passage leadinw from said main-valve
chamber to said dlsplacement-eomp&rtment
a branch compressed-gas passage leading

“through said supplemental valve ehamber

and aﬂ*aimt a surface connected with said
main valve and another branch compressed-
gas passage leading against a surface con-
nected with said supplemental valve, sub-
Stanm&lly as described, whereby said main
valve 1s pneumatwally actuated independ-
ently of theliquid pumped; said branch pas-

- sages branching respectively from said main

Iingress and egress passages.

8 In a displacement-pump, in combina-
tton, a displacement-compartment contain-
ing liquid ingress and egress openings, a main
valve, a main-valve chamber, an exhaust
therefrom, a supplemental valve, a supple-
menta,l-valve chamber, an exhaust therefrom
a main ingress compressed-?&s passage lead-
ing to said maln-valve chamber, a main
egress compressed-gas passage 1eadmﬁ' from
saad main-valve chamber to said d1splace-
ment-compartment, a branch compressed-gas
passage leading through said supplemental-
valve chamber and aﬂ*alnst a surface con-

nected with said ma,in valve and another

branch compressed - gas passage leading
against a surface connected with said sup-
plemental valve, substantially as deseribed,
whereby said main valve is pneumatically
actuatedindependently of theliquid pumped;
and a retarder whereby the movement of said
supplemental valve is timed.

9. In a displacement-pump, in combina-
tion, a displacement-compartment contain-
ing liquid ingress and egress openings, amain
valve, a maln-valve chamber, an exhaust
therefrom, a supplemental valve, a supple-
mental-valve chamber, an exhaust therefrom,
a main ingress compressed-gas passage lead-
ing to said main-valve chamber, a main
egress compressed-gas passage leading from
sald main-valve chamber to said displace-
ment-compartment, a branch compressed-gas
passage leading through said supplemental-

- valve chamber and aﬂ'amst a surface con-

nected with said main valve and another
branch compressed - gas passage leading
against a surface eonnected with said sup-

i

609,943

| plemental valve, substantially as described,

whereby said main valve 1s pneumatically
actuated independently of theliquid pumped;
and a throttle whereby the duration of pres-
sure against said surface connected with said
supplemental valve 1s controlled. |

10. In a displacement-pump, in combina-
tion, adisplacement-compartment containing
liquid ingress and egress openings, a main
valve, a main -valve chamber, an exhaust
therefrom, a supplemental valve, a supple-
mental-valve chamber, an exhaust therefrom,
a main ingress compressed-gas passage lead-
ing to said main-valve chamber, a main egress
compressed - gas passage leading from said
main - valve chamber to said displacement-
compartment, a branch compressed-gas pas-
sage leading through said supplemental-
valve chmnber and a,framst a surface con-
nected with said main valve and another
branch compressed - gas
against a surface connected with said sup-
plemental valve, substantially as described,
whereby said main valve is pneumatically
actuated independently of the liquid pumped,
and a throttle whereby both the pressure and
exhaust against said surface connected with
sald supplemental valve are retarded.

11. In a displacement-pump, in combina-
tion, a displacement -compartment, a main
valve regulating the pressure in the same,
a passage whereby pressure 18 conducted
against a surface connected with the main

valve to move the same, a supplemental valve

outside the displacement-compartment con-
trolling the pressure in said passage, a pas-
sage independent of the displacement-com-
partment whereby the pressure and exhaust

produced by the movements of the main valve

are communicated with a surface connected

with said supplemental valve and means
whereby the movement of said supplemental

valve is retarded, substantially as deseribed,
whereby the main valve independently of the
liquid pumped controls itself by the aid of
said retarded supplemental valve.

12. In a -displacement-pump, In combina-
tion, adisplacement-compartment containing
liguid ingress and egress openings, a main
piston-valve and a differential plunger for
operating the same, cylinders therefor, a sup-
plemental valve, a supplemental-valve cham-
ber, a main compressed-gas passage leading
throuﬂ*h said main-valve cylinder, a pranch
eompressed-gas passage leading through said
supplemental - valve chamber against said
plunger and means whereby said supple-

mental valve is controlled independently of

the water pumped, substantially as described.

13. In a displacement-pump, in combina-
tion, adisplacement-compartment containing
liquid ingress and egress openings, a main
piston-valve, and a differential plunger con-
nected therewith, cylinders therefor, a sup-
plemental piston-valve and a differential
plunger connected therewith, cylinders there-
for, a main compressed-gas passage leadmg

passage leading
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through said main valve-cylinder, a branch
compressed-gas passage leading through said

supplemental valve - cylinder against said
first-named plunger and another branch com-

pressed - gas passage leading against said

| seeond-named plunﬂer substantmlly as de-

scribed.

14. In a dlsplacement pump, in combina-
tlon, a displacement-compartment containing
.llqmd ingress and egress openings, a main-

valve chambel an ingress pressure-passage
to said mam-valve chamber an egress pres-
sure-passage from said mam-mlve chamber,
a pressure-controlling valve in said main-

valve chamber, a braneh passage Whereby.

pressure for actu ating said main valve is con-
ducted from said mn*ress—paasafre against a
surface connected with said main va,lve and
:mecha_,msm independent of the displacement-
compartment whereby said main-valve-actu-
ating pressure is intermitted, said mechanism
being mechanically dlseonneeted from said
surfaee, substantially as described.

15. In a displacement-pump, in combina-
tion, a dlsplacement -compartment containing
liquid ingress and egress openings, a com-
pressed -
thereto, a piston-valve controlling said pres-
erential surface connected with
sald plston-valve a differential cylinder con-

taining said piston-valve and said differen-

~ tial surfa,ee, a passage whereby valve-actu-

35
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ating pressure is conducted independently of
the d1sp1acement -compartment from said sup-
ply-pipeinto said differential eylinder agamst
sald differential surface and mechanism out-

‘sideofsaid displacement-compartment where-

by said valve-actuating pressure against said
differential surface is 111ter:m1tted substan-
tially as described. |

16. In a displacement-pump, in combina-
tion, a displacement-compartment, a main
differential cylinder 17, 18, a valve therein
containing the differential plungers 43 and
45, a supplemental differential cylinder 19,
20 a valve therein containing the diff eren-
tial plungers 47 and 48, a pressure-passage
connected with the main cylinder between

the plunﬂ'els therein, an exhaust connected
with the minor part of the main cylinder out- |

side of the plunger contained therein, a port
in sald minor part of the main eyhnder con-
nected with said displacement-compartment,
a port in the minor part of said Supplemental
cylinder, a passage connecting the same with
the major part of said main cylmder outside
of the plunger therein, a pressure-passage
connected with the minor part of said sup-
plemental cylinder outside of the plunger
therein, an exhaust connected with said sup-

plementa,l cylinder between the plungers
therein, a passage connecting the major part
of said supplemental cyhndel outside the

plunger therein with a passage to said dis-
placement-compartment, substantially as de-

scribed,

gas - pressure-supply pipe leading

{ sure-passage connected with the main c¢ylin- -

| of sald supplemental cyhnder outside the

17, In a displacement- pump, in combina-

tion, a duplex displacement-compartment, a
main differential ecylinder 17,18, a valve there-

in containing the plungers 43 44: and thedif-

70

ferential plunﬂ'er 45, a supplement&l differ-
ential eylinder;_lfé},QO, a valve therein con-

taining the differential plungers 47,48, a pres-

der between the differential plungers 44, 45,

an exhaust connected with the minor p&lt of
the main cylinder outside of the plunﬂ*er
therein, a port in said minor part of the main

cyllnder connected with part 1 of said dis--
| placement - campartmenb an exhaust con-
nected with the major part of the said main

75

8o

eylmder between the plungers 43 and 44, a

port 1n said major part of the main cylmder
codperating with the plunger 44 and connect-

ing with part 2 of said displacement-com-
pa,rtment, a port in the minor part of said

supplemental cylinder, a passage conneeting

the same with the major part of said main

cylinder outside of the plunger 43, a pressure-

passage connected with the minor part of said

supplemental cylinder outside of the plunger

therein, an exhaust connected with said sup-
plemental cylinder between the plungers
therein, a passage connecting the major part

plunger therein with a passage to said dis-
pla,cement-eompal tment substantmlly as de-
seribed.

QO

95

18. In combination, a dlfferentlal cyhnder |

17, 18, a plunger in each part thereof, a con-
nectlon Dbetween said plungers, a pressure-

passage leading into the space between said

plungers, an exha,ust connected with the
minor part of said cylinder outside of the
plunger therein, a passage connected with
the major part of said cylinder outside of the
plunger therein, an auxiliary cylinder to
which the last-named passage leads, a differ-
ential valve in said auxiliary cyhnder, pres-

sure and exhaust passages connected with

100
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said auxiliary cylinder and a throttle-valve
in one of such pressure-passages whereby the
transitions of pressure in said supplemen-

tal eylmdel are timed, subsmntlally as de-
sembed |
19. In combination with a plessme con-

trolling valve and the ingress and egress pas-

sages thereof, the differ ential cyhnder 47, 48,
the differential plungers therein, pressure-

passages connecting the major a,nd_ minor

parts of said e.ylinder respectively with said
ingress and egress passages and a throttle-
valve interposed in one of said pressure-pas-
sages whereby the speed of said plunger is
regulated, substantially as described, inde-

115

120

125

pendently of the body moved by the pressure
controlled by said valve. |
20. In eombination, the almed plunﬂ*ers
43, 44, of substantial equa,l area and the dif-
ferentml plunger 45, the cylinder part 18, the
cylinder part 17, the'pressure-passage 21. en-
| tering between said cylinder parts, pressure-

-13_0.
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ports in the minor cylinder part ecodperating | plunger 47 connected therewith and a pas-

with plunger 45, pressure-ports in the major | sage leading from the ports 24 to said plun-

cylinder part codperating with plunger 44, | ger, substantially as described. |

“exhaust-ports between plungers 43 and 44 |
5 and exhaust-port outfside of plunger 45, a Witnesses:

passage connecting cylinder 18 outside the M. WILSON,

plunger 43 with the passage 21, a valve 48, a | FrRED 5. KEMPER.

" FRANK II. MERRILL.
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